Background: Stakeholders in HIV/AIDS care currently use different programmes for provision of antiretroviral therapy (ART) in Uganda. It is not known which of these represents the best value for money. Objective: To compare the cost effectiveness of home-based care (HBC), facility-based care (FBC) and mobile clinic care (MCC) for provision of ART in Uganda. Methods: Incremental cost-effectiveness analysis was performed using decision and Markov modeling of adult AIDS patients in WHO Clinical Stage 3 and 4 from the perspective of the Ugandan healthcare system. The main outcome measures were cost (year 2008 values), life expectancy in life-years (LY) and the incremental cost-effectiveness ratio (ICER) measured as cost per QALY or LY gained over 10 years. Results: Ten-year mean undiscounted life expectancy was lowest for FBC (3.6 LY), followed by MCC (4.3 LY) and highest for HBC (5.3 LY), while the mean discounted QALYs were also lowest for FBC (2.3), followed by MCC (2.9) and highest for HBC (3.7). The 10-year mean costs per patient were lowest for FBC ($US3212), followed by MCC ($US4782) and highest for HBC ($US7033). The ICER was lower for MCC versus FBC ($US2241 per LY and $US2615 per QALY) than for HBC versus MCC ($US2251 per LY and $US2814 per QALY). FBC remained cost effective in univariate and probabilistic sensitivity analyses.
competitive only if there is increased access, increased adherence or reduced cost.
Background
In Sub-Saharan Africa, 22.5 million people are living with HIV, comprising 68% of the global total, and 1.7 million new infections occurred in that region in 2007. [1] Although this represents a reduction in new infections, [2] there are indications that prevention may be faltering. [3] Only 31% of the 9.7 million people in need of antiretroviral therapy (ART) received it in 2007, [4] and the need for treatment will only increase due to dramatic reductions in AIDS mortality as a result of ART and steady rates of new infections. Healthcare providers, usually government ministries of health, must develop policies aimed at the efficient use of scarce health resources to sustainably meet this increasing demand for ART. Countries that have achieved high levels of access also need efficient policies; they face increasing pressure on the health workforce and infrastructure.
Uganda's health system is organized on a facility-based care (FBC) referral model in which patients often have to travel long distances to seek services such as ART. In an effort to improve health outcomes, stakeholders have implemented other types of programmes for ART delivery, such as mobile clinic care (MCC) and homebased care (HBC). MCC, which has been used by the Rakai Health Sciences Program in Western Uganda, [5] is organized around temporary treatment hubs located near patients' homes to reduce the distance traveled for ART. In HBC, which has been implemented by a partnership between The AIDS Support Organisation and the US Centers for Disease Control and Prevention in eastern Uganda, [6] [7] [8] health workers provide ART in patients' homes, thereby removing the transport barrier to access. HBC leads to improved adherence [9] and reduced mortality [10] and should improve access, given resource availability. MCC would be expected to achieve improved health outcomes compared with FBC but be inferior to HBC. In light of the health outcomes, access and adherence advantages of HBC and MCC over FBC, they would appear to be the best methods for ART provision. However, their implementation involves increased programmatic costs and may be associated with increased overall costs. It is not known whether this potential increase in cost represents good value. Incremental costeffectiveness analysis considers both costs and outcomes in evaluating the efficiency of programme interventions. The aim of this study was to compare the incremental cost effectiveness of FBC, MCC and HBC for provision of ART in Uganda.
Methods

Decision-Analysis and Markov Model
A decision-analysis model [11] was developed to examine the cost effectiveness of FBC, MCC and HBC for provision of ART to patients with AIDS in Uganda over a 10-year time horizon. This time horizon was chosen because there were no data on long-term adherence to ART, a key parameter in the model. Figure 1 shows a schematic of the methods of ART provision compared in this model. The reference case was a 35-year-old patient in Uganda with stage 3 AIDS at baseline, based on WHO clinical staging. [12] This average age reflects the relative youth of AIDS patients in the country. The Markov model, suited to HIV/AIDS because of the chronic nature of the disease, was used to represent patient transitions over time from one health state to another. [11, 13] The model (figure 2) had seven states: (i) stage 3 receiving ART and adherent; (ii) stage 3 receiving ART and non-adherent; (iii) stage 3 not receiving ART; (iv) stage 4 receiving ART and adherent; (v) stage 4 receiving ART and non-adherent; (vi) stage 4 not receiving ART; and (vii) dead. The model was restricted to stages 3 and 4 to capture the majority of patients in need of or receiving ART treatment; those in earlier clinical stages rarely have significant symptoms and must be identified by CD4 cell counts, which are not currently widely available in Uganda. The cycle time was 6 months, consistent with our best estimate of time taken to progress from one WHO clinical stage to another in this setting. The model was validated by varying transition probabilities between 0 and 1, which resulted in logical responses. In addition, setting costs and outcomes to 0 separately resulted in identical expected values.
The analysis was performed from a governmental Ministry of Health (MOH) perspective and included cost of ART, cost of illness, recurrent costs and capital costs. This perspective is the most relevant because Uganda has a national healthcare system run by the MOH. Costs to patients, including transportation, were excluded. Costs and outcomes were discounted at 3% per year (0-5% in sensitivity analyses) as recommended by the Panel on Cost-Effectiveness and Medicine of the US Public Health Service. [14] Strategies were compared on the basis of costs, life expectancy and incremental cost-effectiveness analysis using QALYs to capture both quality and quantity of life.
The WHO and others have suggested that, because of the lack of a universally accepted standard for a threshold for cost effectiveness, researchers use a GDP-based approach. Suggested thresholds have ranged from 1 to 3 times the per-capita GDP [15] [16] [17] per additional QALY or disabilityadjusted life-year. Uganda's GDP per capita was $US350 in 2007. [18] Therefore, ART provision methods were judged to be very cost effective if the incremental cost-effectiveness ratio (ICER) was less than $US350 per QALY (1 times per-capita GDP) and cost effective if the ICER was less than $US1050 per QALY (3 times per-capita GDP).
Rates of Progression and Mortality
WHO divides the natural history of HIV into clinical stages 1-4, [12] a system widely accepted in countries with a high prevalence of HIV. Patients are assigned the presumptive clinical AIDS diagnosis in stages 3 or 4. Data for transition probabilities were obtained from published sources. In the pre-ART era, annual mortality was 16% in stage 3 and 59% in stage 4, while the annual probability of progression from stage 3 to 4 was 18%. [19] These values were used for transition probabilities for patients not receiving ART. We assumed that, in the absence of ART, patients do not return to an earlier clinical stage from a later clinical stage, in line with WHO clinical staging practice. With ART, annual mortality per 100 person-years was 5.9 in stage 3 and 14.1 in stage 4, and the annual rate of progression from stage 3 to 4 was 6.3 per 100 person-years. [20] These estimates were converted into transition probabilities using an exponential survival curve, as is common in Markov models, [13] to obtain annual mortality estimates of 5.7% for stage 3 and 13% for stage 4, and an annual probability of transition from stage 3 to 4 of 6%.
The probability of immune recovery from CD4 count £200 to >200 cells/mL was used as a proxy for rate of transition from stage 4 back to stage 3 on ART; WHO clinical staging does not allow the return from a more severe to a less severe stage. However, this transition was allowed in the model to reflect the clinical benefit to patients receiving ART. The annual probabilities of CD4 count increase from £200 to >200 cells/mL for two cohorts in the same treatment programme were 0.58 and 0.47, with a mean of 0.53. [21] This estimate was used as the annual transition probability from stage 4 to stage 3 on ART. Adherence to ART has a substantial impact on morbidity and mortality. Compared with adherent individuals, non-adherent individuals have a 3-fold increase in rate of progression, [22] and a 3.87-fold increase in mortality. [23] These estimates were applied to the transition probabilities for non-adherent individuals. We used figures specific to Uganda [24] to create a table of non-AIDS mortality by age.
Access and Adherence to Antiretroviral Therapy
Access estimates were based on the assumption that MCC would improve the absolute rate of access by 20% over FBC, and HBC would improve the absolute rate of access by 20% over MCC. National estimates indicate that 33% of patients who need ART are able to access it. [25] Therefore, the base-case analysis assumed 33% access for FBC, 53% for MCC and 73% for HBC.
Adherence to ART predicts treatment success and is associated with key outcomes such as viral RNA, CD4 counts and mortality. [26] Sub-optimal adherence is also associated with the loss of 1.2 QALYs over a lifetime for patients receiving ART. [27] Therefore, achieved or achievable adherence is important in choosing an optimal strategy for ART provision. A reported 74-81% of patients reported 'excellent' adherence while 19-24% reported 'good' adherence in the HBC setting in Uganda. [9] We estimated that 85% of patients would be adherent at a level of 95% or greater. This was based on the premise that all 74-81% who reported 'excellent' adherence and some of the 19-24% who reported 'good' adherence would reach the 95% adherence level. Therefore, the base-case estimate for adherence was assumed to be 85% annually for HBC. We assumed a 10% reduction to 75% adherence for MCC and a further 10% reduction to 65% for FBC. On average, adherence remains stable for the first 2 years and then decreases at an absolute rate of 5% every 6 months, [28] an observation reflected in our model. This rate is the 'net change', i.e. some people move from adherent to nonadherent, and a small number of people who were non-adherent become adherent. For simplification, the model only allowed movement from adherent to non-adherent, but at a rate consistent with the 'net change' so that overall adherence rates would be consistent with the literature.
Health-Related Quality of Life
The analysis adjusted for health-related quality of life (HR-QOL) based on utility scores obtained from a primary HR-QOL survey of AIDS patients in rural Ugandan clinics using a translated and culturally adapted version of the EuroQol instrument. The results of this study, which included 221 patients in stage 3 and 4 AIDS at four clinics in south-western Uganda, will be reported elsewhere. [29] In the study, the mean utility for stage 3 was 0.69 for patients not receiving ART and 0.84 for patients receiving ART. The mean utility for stage 4 was 0.36 for patients not receiving ART and 0.80 for patients receiving ART. These estimates are close to those obtained in a meta-analysis of utility estimates for HIV/AIDS: 0.44 for AIDS, 0.56-0.82 for symptomatic HIV infection, and 0.68-0.94 for asymptomatic HIV infection. [30] Utilities for nonadherent stage 3 and 4 patients were calculated by assuming a disutility factor of 0.1 for nonadherence to ART (i.e. utilities were reduced by a factor of 0.1).
Costs
Costs were divided into four categories: (i) cost of ART, (ii) cost of illness, (iii) recurrent costs and (iv) capital costs. Cost of ART was assumed to be the cost of first-line drugs, estimated at $US237.50 per patient per year in a recent study in Uganda. [31] Cost of illness included non-ART healthcare resource use, including other drugs, laboratory tests and radiology, which was estimated in a utilization study at $US782 and $US730 per patient per year for stage 3 and 4 disease, respectively. [32] Recurrent costs refer to non-treatment costs of implementing ART programmes, which were obtained from a primary survey of programme accountants performed in August 2005 at two rural Ugandan clinics implementing FBC and MCC.
[33] In this survey, we asked the accountants to sum their annual recurrent expenditure (personnel, shortterm training, supplies, rent and utilities) and divided this by the number of patients treated during the year. Recurrent costs per patient per year were $US229 for FBC and $US502 for MCC. Recurrent costs of running HBC were not available, so they were estimated by local experts to be $US1000 per patient per year for the first year and $US600 subsequently. Capital costs include vehicles, equipment and long-term training and were estimated from a study of costs of HBC in Rwanda. [34] We assumed that the costs of equipment and long-term training did not differ between programmes and that MCC would use half the cost of vehicles needed for HBC, while FBC would not need vehicles. Capital costs of HBC, FBC and MCC were $US47.60, $US35.50 and $US41.50 per patient per year, respectively. The cost of treatment for non-adherent patients was adjusted by a factor of 0.8 to reflect less medication use. All costs were adjusted to $US, year 2008 values using the consumer price index of Uganda. Table I summarizes the parameters used in the analysis.
Sensitivity Analysis
Sensitivity analyses were performed to determine which variables had substantial impact on cost or outcomes. All parameters in the model were assigned a range of clinically plausible values, using 95% confidence intervals when available (see table I ). Costs were halved and doubled. To further test the robustness of our conclusions, we conducted a probabilistic sensitivity analysis. We created probability distributions for all of the parameters in the model. For the annual discount rate, a uniform distribution ranging from 0% to 5% was used. For all other parameters, the base-case value was used for the mean, and the standard error was estimated based on the approximation that the range used for the one-way sensitivity analysis represented a 95% confidence interval, with the range approximately equal to four times the standard error. [35] A Beta distribution was used for probabilities and utilities, and a Gamma distribution was used for cost estimates. [36] Monte Carlo simulation was used to create 1000 samples for which expected values were calculated. The proportion of time for which each strategy was cost effective was then calculated, varying limits of cost effectiveness.
All primary data used in the analysis were collected in a study [37] that was approved by the Case Western Reserve University Institutional Review Board, the Mbarara University of Science and Technology Ethics Review Board and the Uganda National Council of Science and Technology. Data analysis was performed using TreeAge Pro.
Results
Base-case Analysis
Five-and 10-year survival rates were lowest for FBC (21.5% and 8.4%), followed by MCC (31.5% and 14.9%) and highest for HBC (43.6% and 22.9%). The 10-year mean undiscounted life expectancy was lowest for FBC (3.6 years), followed by MCC (4.3 years) and highest for HBC (5.3 years), while the mean discounted QALYs were also lowest for FBC (2.3 QALYs), followed by MCC (2.9 QALYs) and highest for HBC (3.7 QALYs). The 10-year mean costs per patient per year were lowest for FBC ($US3212), followed by MCC ($US4782) and highest for HBC ($US7033). The resulting ICER was lower for MCC versus FBC ($US2241 per LY and $US2615 per QALY) than for HBC versus MCC ($US2251 per LY and $US2814 per QALY). Table II presents the results in detail.
Sensitivity Analysis
Univariate sensitivity analyses ( figure 3) showed that the ICER for HBC versus MCC was most b Used to adjust initial estimate to account for 3.87-fold increase in mortality due to non-adherence.
c Assumes return from CD4 count £200 to >200 cells/mL in 1 year is an appropriate proxy for transition.
d Applied a disutility factor of 0.1 for non-adherence (i.e. utilities reduce by a factor of 0.1).
ART = antiretroviral therapy; FBC = facility-based care; HBC = homebased care, MCC = mobile clinic care; NA = not applicable.
sensitive to the recurrent costs of HBC and MCC, while the ICER for MCC versus FBC was most sensitive to the recurrent costs of MCC and adherence to ART in MCC. Probabilistic sensitivity analysis using Monte Carlo simulation to create 1000 samples (figure 4) showed that FBC and MCC models were equally cost effective when willingness to pay (WTP) was approximately $US2600 per QALY (7.4 times per-capita GDP) and that the probability of HBC being cost effective was always lower than both alternative comparators at a WTP below $US5000. At the most generous threshold for cost effectiveness of $US1050 per QALY (3 times per-capita GDP), FBC was cost effective in approximately 85% of the samples compared with 15% for MCC and 0% for HBC.
Discussion
Using decision analysis and a WHO clinical stage-based Markov model, this study compared the cost effectiveness of different methods for provision of ART in Uganda and found that FBC a The methods of ART provision are ordered by increasing effectiveness. FBC = facility-based care; HBC = home-based care; ICER = incremental cost-effectiveness ratio; LY = life-year; MCC = mobile clinic care. was more cost effective than MCC and HBC. This finding was supported by univariate and probabilistic sensitivity analyses.
To our knowledge, this is the first policy model to assess the cost effectiveness of different methods of organizing ART programmes. In countries in which ART has been available for longer, the treatment is transforming the nature of HIV infection into a chronic disease. A strength of this study was its use of a modeling framework focused on patients who were indicated for, or most likely to access, ART, with sensitivity analyses to assess the robustness of conclusions. As this is an important area for health policy in poor countries with high HIV/AIDS burdens, we believe our study has implications for policy development and improvement in access to ART. The model may also be used 'as is' or modified to answer similar policy questions using data specific to other countries or settings.
One limitation of this study was the inability to obtain local data on access to ART in programmes implementing MCC and HBC, and adherence estimates for patients attending MCC and FBC. Data specific to this setting are scarce and few studies have been performed. Given these limitations, we made assumptions about the ability of the programmes to achieve different levels of access and adherence, and performed sensitivity analyses on a wide range of parameter values. The sensitivity analyses did not change the relative ranking of the cost effectiveness of the different methods of ART provision. Lack of data also precluded the modeling of long-term adherence and its impact on ART resistance.
The model estimated a survival advantage for HBC of 12% over FBC. This finding was consistent with a previous study conducted in Uganda, which found a significant reduction in HIV/AIDS mortality when co-trimoxazole prophylaxis and ART were delivered in patients' homes. [10] The present study had the added advantage of including costs and performing a formal assessment of value. A study performed over 20 years ago in Zimbabwe [38] also concluded that costs associated with HBC were prohibitively high. Our study replicates this finding using more contemporary data. While we found no study that compared different programmes of ART provision, the cost effectiveness of HBC and hospital-based care for chronically ill tuberculosis patients has been reported. [39] In this study, investigators found that HBC was more cost effective. Reasons for this discrepancy may include unique disease and treatment differences between HIV/AIDS and tuberculosis or the fact that they measured average cost effectiveness instead of incremental cost effectiveness, and used an intermediate outcome; cost per patient adherent to treatment. We performed an incremental analysis using a mixture of more appropriate endpoints, including morbidity and mortality, and considered adherence as a parameter in the model.
Our findings may be explained by the low costs of implementing FBC compared with MCC and HBC, driven in part by transportation and extra personnel costs. These outweigh the improvements in effectiveness of HBC and MCC (improved survival, better QOL) at the low costeffectiveness thresholds in poor countries. While HBC and MCC may improve access and adherence enough to be superior to FBC in a specific region or setting, the evidence suggests that FBC is the more efficient national programme from the MOH perspective. This is particularly valid when we consider sustainability. The bulk of ART is implemented via philanthropic interests and non-governmental organizations (NGOs), which are time-bound in funding, yet AIDS is a chronic disease with little hope for a cure. Since national MOHs are expected to take over and run programmes over the long term, implementing the most cost-effective programme from their perspective would be an advantage. From the societal perspective, the situation may be different and is likely to favor HBC. Another way to look at the results is in terms of budget impact. The modeling framework enables the estimation of national annual cost of implementing HBC, MCC and FBC by multiplying undiscounted mean annual cost per patient by the number of patients receiving ART in Uganda. [40] HBC would cost $US1 billion, MCC $US698 million and FBC $US461 million annually. Uganda's entire health budget for the fiscal year 2008 was only $US281 million onbudget and $US761 million total; [41] clearly, the implementation and sustainability of large-scale ART using HBC would exceed the total national expenditure on health. While cost effectiveness is not the only consideration for allocation of scarce societal resources [42] and other criteria such as equity or fairness and political considerations often play a part, it should play a significant role in guiding policy and enabling the most efficient use of such a limited budget.
It is not clear how other emerging programme interventions such as task shifting [43] would influence ART provision programmes. For instance, it may be plausible to lower the cost of HBC (using nurses instead of doctors) to levels where it becomes more cost effective than FBC. This is a possible direction for future studies in this area. Future modeling studies will benefit from the increasing volume of clinical and health-services research in poor nations, particularly in the areas of the long-term effect of adherence and its impact on ART resistance. Moreover, the improved precision of input parameters should consequently improve the quality of policy decisions.
Conclusion
FBC provision of ART appears to be more cost effective than HBC and MCC approaches. This implies that poor nations should strengthen existing FBC programmes since they represent the best use of scarce resources and are consistent with the need for constrained maximization in the face of extreme budget constraints. However, other models of care should remain options for alternative strategies. In some hard-to-reach subpopulations (e.g. rural and distant areas, settlements on the other side of physical barriers and highly-mobile groups), FBC may be impractical and HBC or MCC may demonstrate markedly superior access or adherence to ART and have heavily reduced costs. Given the superior life expectancy and QALYs associated with HBC and MCC approaches, programme designers should also continue efforts to reduce the costs associated with these alternatives. Ultimately, governments must decide how best to maximize both access and adherence to ART for their HIVinfected citizens.
